Objectives: To report on a large experience with laparoscopic cholecystectomy-associated bile duct injuries (LC-BDIs) and examine factors influencing outcomes.
G
ALLSTONE DISEASE IS COMmon, affecting more than 20 million people in the United States. 1 As a result, more than 435 000 cholecystectomies are performed annually in the United States. 2 Since the early 1990s, laparoscopic cholecystectomy (LC) has become the standard of care for treating nonmalignant diseases of the gallbladder. 3 Laparoscopic cholecystectomy-associated bile duct injury (LC-BDI) continues to be a clinical problem with significant morbidity for patients. 4 Despitealearningcurveeffect,there appears to be a plateau in the rate of LC-BDI. 5 In the literature, the injury rate for open cholecystectomy has been estimated to be 0.2% vs approximately 0.4% to 0.6% with LC. [5] [6] [7] Bile duct injuries can range from very minor accessory duct injuries to complicated hilar injuries as described and classified by Strasberg et al. 8 Significant morbidity can accompany such injuries. 4, 9, 10 Late complications such as anastomotic bile duct strictures or secondary biliary cirrhosis may result in life-long disability. 5 Thus, these patients require multimodality care of their LC-BDIs with surgical, radiologic, and endoscopic collaboration. 3, 9, 11 CME available online at www.jamaarchivescme.com and questions on page 714
See Invited Critique at end of article Among hepatobiliary surgeons, debates exist regarding the optimal timing of repair after LC-BDI. [12] [13] [14] [15] It is generally accepted that if an injury is identified intraoperatively, then immediate repair by a hepatobiliary surgeon is the best approach. 12, 13 Injuries that are initially unrecognized can present days to months following LC. As a result, the optimal timing of repair is not clear. 11 This disparity in the timing of repair is reflected in the current literature, with different surgeons preferring different times for surgery, ie, early vs late. 6, 11, 16 de Reuver et al 11 and Bergman et al 16 prefer a later repair because they argue that an early repair has a higher risk of developing biliary stricture, whereas Schmidt et al 6 prefer an early repair because it decreases hospital stay, pain, and inconvenience.
The purpose of the present study was to review the results of surgical repair of LC-BDI at a major referral center. The primary outcome of this study was to describe postoperative complications of LC-BDI repair. Predictors of these complications can then be used to influence the timing of repair.
METHODS
A retrospective medical record review of all patients referred for the surgical management of major BDIs to a tertiary care center during a 15-year period between January 1, 1992, and December 31, 2007, was performed. Repairs were performed at 2 hospitals affiliated with the University of Toronto: the Toronto General Hospital and Mount Sinai Hospital. All patients who underwent repair surgery for LC-BDI were identified. Sixty-nine patients formed the study cohort. Perioperative data including patient demographics, operative details, perioperative data, and postoperative outcomes were extracted. Research ethics board approval was obtained from both the Toronto General Hospital and Mount Sinai Hospital.
All patients evaluated for LC-BDIs underwent preoperative investigations to evaluate biliary anatomy. In earlier years, patients underwent transabdominal ultrasonography and endoscopic retrograde cholangiopancreatography with or without percutaneous transhepatic cholangiography. In later years, computed tomography and magnetic resonance imaging were used, as required.
The anatomic extent of LC-BDIs were classified using the Strasberg-Bismuth classification system (Figure) . 8 Laparoscopic cholecystectomy-associated BDIs were classified a priori into 3 groups based on timing of repair from time of injury: 1, immediate repair (0-72 hours of LC); 2, intermediate (between 72 hours and 6 weeks after LC); and 3, late (after 6 weeks). The immediate and late times were chosen when the inflammatory response was expected to be minimal. It was expected that an active inflammatory process would be present during the intermediate period.
Short-term postoperative complications were defined as those occurring within 30 days of the repair surgery or during the same hospitalization and were graded using the Dindo grade classification system. 17 Bile leak was defined as intraabdominal bile identified in the postoperative setting, excluding those identified intraoperatively during LC. Long-term postoperative complications were those occurring after 30 days postrepair and included bile duct strictures. Clinically significant biliary stricture was defined as a stricture that resulted in signs and symptoms requiring either surgical or percutaneous intervention. The duration of follow-up was calculated from the date of the LC-BDI repair to last follow-up visit or death. The median patient follow-up was 71.5 months, with a range of 0 to 120 months.
The SPSS statistical analysis program, version 15 , was used to analyze the data. Statistical analysis was performed using the 2 test or Fisher exact test, as appropriate. A 2-tailed PՅ.05 was considered significant.
RESULTS

COHORT DEMOGRAPHICS
Sixty-nine patients were reviewed ( Table 1 ). There were 24 men and 45 women with a median age of 49 years at the time of repair surgery (mean, 50.2 years [SD, 16 years]; range, 12-80 years). Sixty-five patients (94%) were referred from community hospitals, 4 patients (6%) from academic hospitals. Ten patients (14%) had LC-BDIs recognized immediately at the time of LC, and 59 (86%) were diagnosed postoperatively. When BDIs presented after the LC was performed, patients presented with bile leak (n=33 [48%]), jaundice (defined as having a total bilirubin serum level more than twice the upper limit of normal; n = 31 [45%]), and/or intraabdominal sepsis (defined as having a fever Ͼ38°C, elevated white blood cell count, and abdominal pain; n=7 [10%]).
Preoperative investigations included endoscopic retrograde cholangiopancreatography in 34 patients (49%), transabdominal ultrasonography in 16 patients (23%), computed tomography in 8 patients (12%), magnetic resonance imaging in 7 patients (10%), and percutaneous transhepatic cholangiogram in 28 patients (41%). The LC-BDIs occurring in our cohort of patients were Strasberg type A in 1 patient (1%), D in 2 patients (3%), E1 in 22 patients (32%), E2 in 16 patients (23%), E3 in 22 patients (32%), E4 in 4 patients (6%), and E5 in 2 patients (3%) ( Table 2) .
TIMING AND TYPES OF REPAIRS
It was our institutional policy to perform LC-BDIs at the time of presentation during this study. Patients with suspected LC-BDIs were admitted and underwent preoperative assessment of their biliary anatomy and medical stabilization. If there was evidence of preoperative bile leak and/or intra-abdominal sepsis, preoperative antibiotics were administered, as appropriate. Confirmed LCBDIs underwent urgent repair, usually within 24 hours of diagnosis. Thirteen patients (19%) had immediate repair, 34 patients (49%) intermediate repair, and 22 patients (32%) late repair. Forty-one Roux en-Y hepaticojejunostomies (59%) and 24 choledochojejunostomies (35%) were performed. Three patients required right hepatectomies with biliary reconstruction (4%), and in 1 patient primary common bile duct repair (1%) was performed ( Table 3) . Patients who underwent repair at different periods were similar in demographic profile, with the exception of preoperative bile duct leak. When preoperative biliary leak was present, there was a statistically significant trend in favor of performing intermediate repair (Table 3) . There was no difference in the complexity of LC-BDI or the type of biliary reconstruction performed during different periods (Table 3) .
COMPLICATIONS
The total complication rate was 30% (21 patients) in the cohort. Complications were classified according to the Dindo classification system ( Table 4) . Short-term complications occurred in 13 patients (19%). The most common was cholangitis, which occurred in 7 patients (10% [1%] ). The mortality rate was 1% (1 patient). The patient who died was a 68-year-old woman who underwent LC for acute cholecystitis. At the time of LC, there was an LC-BDI and a concomitant main portal vein and hepatic artery injury. She had an immediate LC-BDI repair (at 36 hours), a right hepatectomy, and Roux-en-Y left hepaticojejunostomy. She died 86 days after surgery of multiorgan failure.
Long-term complications developed in 11 patients (16%). The major long-term complication was bile duct stricture, which developed in 10 patients (14%). Nine of 10 patients with strictures had repairs in the intermediate period, and the remaining patient underwent repairs in the immediate period. No patients who underwent repairs in the late period developed biliary stricture. Two patients (3%) developed incisional hernias, and there were no cases of secondary biliary cirrhosis.
STATISTICAL ANALYSIS
Univariate analysis using the 2 test and Fisher exact test was performed to determine the relationship between short-term complications and perioperative variables. Variables examined include sex, age (Ͻ50 years or Ն50 years), presence or absence of bile leak, jaundice, sepsis, more complex LC-BDIs (classes E4 and E5), type of repair, and timing of the repair (immediate, intermediate, or late). There were no associations identified between short-term postoperative complications and any of the perioperative variables examined: sex (P=.76), age (P=.13), bile leak (P = .36), hospital of origin (P =.58), jaundice (P = .22), sepsis (P = .12), complex LC-BDIs (PϾ.99), type of repair (P = .22), and timing of LC-BDI repair (P=.92) ( Table 5) .
Similarly, univariate analysis of the relationship between long-term complications and perioperative variables was performed. Variables examined included sex, age (Ͻ or Ն50 years), presence or absence of bile leak, jaundice, sepsis, more complex LC-BDIs (classes E4 and E5), type of repair, and timing of the repair. Risk factors for long-term complications were identified, including preoperative bile duct leak and the timing (immediate, intermediate, or late) of LC-BDI repair. There was a statistically significant relationship between the timing of LC-BDI repair and the risk of biliary strictures. Patients who underwent repairs in the intermediate period (between 72 hours and 6 weeks after LC) were at a significantly higher risk of developing biliary stricture (P=.03) compared with patients who underwent repairs either in the immediate or late periods. The presence of preoperative bile leak was also significantly associated with late biliary strictures (P=.02). Sex (P=.74), age (PϾ.99), hospital of origin (P=.51), jaundice (P =.74), extended biliary tract injuries (Strasberg-Bismuth classes E4 and E5, P =.24), type of repair (P=.67), and sepsis (P =.90) were not associated with the development of biliary stricture (Table 5) .
COMMENT
Despite experience gained with LC over the past decade, there are still more than 2500 LC-BDIs yearly in the United States. These injuries occur in patients who have acute or chronic inflammation that obscures normal anatomic planes in the hepatocystic triangle or when the common bile duct is anatomically misidentified. 16 At our center, it has been our policy to repair LC-BDI at the time of presentation without delay. In our study, we found that most LC-BDIs occur high in the biliary tree, involving the proximal extrahepatic biliary system. Sixtyeight of 69 patients required a formal biliary-enteric anastomosis for repair. There were no specific risk factors identified for short-term complications. We found that the timing of LC-BDI repair was associated with late biliary strictures. Injuries repaired in the intermediate period (between 72 hours and 6 weeks) were associated with a high rate of biliary strictures (9 of 34 [26%]) compared with immediate or late repairs. There is consensus that these iatrogenic injuries are best handled in specialized hepatobiliary units. 3, 18 However, the optimal time of operative repair remains controversial. 11 Most authors have advised repair of LC-BDI in a delayed fashion, 6 or more weeks following LC. 11, 16 The delayed approach allows the inflammation in the right upper quadrant to subside prior to definitive reconstruction. 3, 6, 11, 16 This facilitates a technically optimal repair and appears to be associated with decreased postoperative complications. Furthermore, in the early stages following an LC-BDI, there may be an unrecognized vascular injury with progression of biliary damage over time. This phenomenon may be avoided with a late repair, as the true extent of injury will declare itself by the time of repair. This idea is supported by Murr et al, 19 whose study revealed that the 5 patients with failure of surgical treatment shared similar characteristics: bile leaks, proximal bile duct lesions (classes E3 and E4), failed previous attempts at repair, and transanastomotic stenting. They proposed that bile leaks, perianastomotic infection, and inflammation were unfavorable conditions for immediate surgery. Ischemic ductal tissue is replaced with fibrotic scar tissue, thus explaining why early repairs can fail. Multiple other articles report a higher rate of stricture when repairs are performed in the early period (days to weeks following LC-BDI). 6, 11, 15, 19 There are also advocates for immediate repair. de Reuver et al 11 reported results of 151 patients who underwent repair for LC-BDI. They determined that patients who underwent repair within 6 weeks after LC-BDI had a statistically significantly higher rate of postoperative strictures (P=.003) compared with LC-BDI repaired after 6 weeks. However, the authors did not distinguish between immediate and intermediate early LC-BDI repairs. They did report that 2 patients who underwent surgery within 2 days of laparoscopic cholecystectomy did not experience complications. Thus, despite their findings, they believe that surgical reconstruction can be performed within 2 to 3 days of the LC-BDI if there is an absence of leakage or inflammation. This idea is shared by several other authors who argue that LC-BDIs that are recognized during LC should be operated on immediately when sepsis and peritoneal contamination are absent and there is the best chance of successful outcome. 10, 15 Thomson et al 10 argue that this approach is associated with cost savings, decreased morbidity, mortality, and hospital stay. This immediate approach may optimally balance the risk of postoperative problems with decreased quality of life and risk of intervening complications while awaiting surgery. Unfortunately, the definition of the optimal period for an early repair, whether it is in the initial hours or weeks following LC, is not well defined. 10, 11 Furthermore, data that support an immediate strategy of repair is scant. Goykhman et al 14 have recently reported a small study of 29 patients who underwent an LC-BDI repair. They report a high stricture rate when patients undergo repair within 72 hours of the LC-BDI. They did not report on outcomes of patients who underwent repairs in the intermediate period (Ͼ72 hours and before 6-8 weeks).
Interestingly, other authors have not described a relationship at all between the time of LC-BDI repair and complications. Sicklick et al 3 reported no difference in outcome between patients who underwent repair at an early (Ͻ1 month after referral), intermediate (1-12 months) , or delayed (Ͼ12 months) time. 10 In this study, we demonstrate a significant relationship between timing of LC-BDI and the long-term complication of postoperative biliary stricture. We identified 2 periods when definitive repair of an LC-BDI can be performed safely with minimal risk of late biliary strictures, either immediately (Ͼ72 hours) or in the late period (Ͼ6 weeks) after an LC-BDI occurs. A high rate of late postoperative biliary strictures occurred in the group of patients who underwent LC-BDI repair between 72 hours and 6 weeks.
In addition, the presence of bile leak (P=.02) was associated with LC-BDI repairs performed in the intermediate period and long-term complications. The nature of the relationship between preoperative bile leaks, intermediate timing of repair, and long-term complications is not clear. We assume that these factors may be causally related to the development of postoperative biliary strictures.
Patients with clinically evident bile leak following LC-BDI present earlier with LC-BDI complication com- pared with patients without clinical bile leak. Because they underwent repair at the time of presentation, this led to a greater number of patients who underwent repairs in the intermediate period. We hypothesize that the rate of biliary strictures is related to the presence of acute inflammation in the surgical bed in patients who undergo repair in the intermediate period. One contributing factor may be the increased rate of bile contamination of the peritoneal cavity in these patients. The presence of bile even in the absence of intraabdominal sepsis may result in increased acute inflammatory changes in the surgical bed. 6 Also, acute inflammation related to recent surgical intervention is maximal during this period of 72 hours to 6 weeks following LC. These inflammatory changes likely result in increased technical difficulties at the time of intermediate repair owing to early postoperative inflammation and tissue friability, which are characteristic of early wound healing. These inflammatory changes may predispose patients to fibrosis, resulting in a late biliary stricture. 19 These inflammatory changes may be absent early in LC-BDI and be minimal in immediately identified and repaired LC-BDI. In late LC-BDI repairs, the interval between LC-BDI and definitive surgery may allow resolution of the acute inflammatory response.
It is also a possibility that the technical repair performed in the intermediate period differed from repairs in the immediate or late period. In our study, it is unlikely to explain the findings reported. The same group of experienced hepatopancreatobiliary surgeons performed all LC-BDI repairs, and similar reconstructive procedures were used for all cases. In addition, anatomic severities of the LC-BDIs were comparable between patients treated at all points.
This study is a large series of surgically repaired LC-BDI. It is also one of the first studies to define a specific immediate period for LC-BDI and reports the outcomes of these immediate (0-72 hours after LC) LC-BDI repairs. One limitation of this study is our inability to perform multivariate analysis owing to the small number of adverse events of interest (ie, biliary stricture). However, our results agree with the results of other previously published articles. Given the small number of adverse effects following LC-BDI, it is unlikely that any single study will be able to fully assess the risk factors for adverse events following LC-BDI with adequate power.
The results of our data suggest that early recognition of an LC-BDI and immediate repair at a tertiary hepatobiliary center is the best approach for LC-BDIs. Immediate repair is safe and has good long-term outcomes and almost certainly is associated with shorter hospital stay and improved patient quality of life. If LC-BDIs are not identified in the immediate period, biliary reconstruction should be performed in a delayed fashion, 6 weeks or more following LC injury.
